[Abstract] Networks of amyloid nanofibrils fabricated from common globular proteins such as lysozyme and β-lactoglobulin have material properties that mimic the extracellular microenvironment of many cell types. Cells cultured on such amyloid fibril networks show improved attachment, spreading and in the case of mesenchymal stem cells improved differentiation. Here we describe a detailed protocol for fabricating amyloid fibril networks suitable for eukaryotic cell culture applications. Non-toxic synthetic amyloid fibrils can be made from inexpensive, readily available, food grade proteins (Jung et al., 2008; Lara et al., 2011) and have a number of important applications in a wide range of technologies (Dharmadana et al., 2017; Wei et al., 2017) . For example 2D and 3D networks of amyloid fibrils have physical and mechanical properties that mimic the local microenvironment of many eukaryotic cells, namely the extracellular matrix (ECM), thus are promising biomimetic materials for cell culture applications (Reynolds et al., 2014 and 2015; Gilbert et al., 2017) . Here we describe in detail a protocol to fabricate aqueous suspensions of amyloid fibrils and their subsequent adsorption onto solid supports where they have been shown to control cell adhesion (Reynolds et al., 2014) , spreading (Reynolds et al., 2015) and direct the differentiation of Mesenchymal Stem Cells (MSCs) (Gilbert et al., 2017) .
14. An air or nitrogen sauce (for drying samples, post rinse)
Procedure

A. Initial protein purification
To ensure that the final morphology of the amyloid fibrils is as homogenous as possible, commercial grade protein (either hen egg white lysozyme or β-Lactoglobulin) must be further purified to remove trace impurities, such as ash or lipids that can affect fibril morphology. This initial purification is performed by dialysis as originally outlined in Jung et al. (2008) . All steps in this protocol should be performed with appropriate Personal Protective Equipment (PPE) (gloves, lab coat and safety glasses).
1. Calibrate the digital pH meter as per the manufactures instructions using pH 10, 7 and 1.68 calibration standards. Or just pH 7 and 1.68 if three point calibration is not available on the pH meter used.
2. Prepare a 10% (weight/weight) solution of protein in fresh MilliQ water (Recipe 1) in 15 ml centrifuge tubes. Once the protein is completely dissolved into the solution, adjust the pH to 4.6 using the digital pH meter, by drop-wise addition of 1 N hydrochloric acid (HCl). Copyright 4. Pass the acidified supernatant through a 0.22 μm filter into a length of the dialysis tubing closed at one end using the dialysis tubing clamp.
Note: Dialysis tubing should be cut to an appropriate length so that it is no more than ~70% full to prevent bursting. 
B. Amyloid fibril self-assembly
All steps in this protocol should be performed with appropriate Personal Protective Equipment (PPE) (gloves, lab coat and safety glasses). As the reaction occurs at 90 °C for 24 h or more, particular care should be taken to ensure the heated oil bath is properly set up and does not pose any danger to yourself or other users of the laboratory.
1. Dissolve the purified protein in MilliQ water making a 2% solution (weight/weight), using the pH meter to adjust the acidity to pH 2 by dropwise addition of 1 N HCl (Recipe 2). Pass the resulting acidified solution through a 0.22 μm filter into a glass vial, with a heatproof sealable lid ( Figure   1 ).
2. Prepare the oil bath by filling an appropriate heat-proof glass beaker (e.g., a crystallization dish) containing a magnetic stirrer bar with clean silicon oil to a level where it will completely cover the protein solution in the glass vial but not totally submerge the vials (Figure 1 ). Heat the silicon oil in the crystallization dish to 90 °C with gentle stirring (60 rpm, using a digital stirrer hotplate).
Stirring is required to ensure homogeneous heating of the oil. At this point, it is important to emphasize that the oil bath should be stable at 90 °C before addition of the protein solution, to ensure constant heating over the entire reaction. 
C. Fabricating Amyloid Fibril Networks
Many solid supports may be suitable for amyloid fibril deposition. However, in our experiments we exclusively use muscovite mica discs (diameter 12 mm). Mica was chosen for a number of reasons.
First, at pH 7 lysozyme fibrils carry a net positive charge, and mica carries a net negative charge, thus electrostatic interactions ensure a good coverage of amyloid fibrils on the substrates. Second, mica is composed of many flat sheets held together by weak non-covalent interactions, these sheets can be easily cleaved producing a pristine, dust free surface. Third mica substrates are almost atomically smooth therefore make ideal substrates for characterization by Atomic Force Microscopy (AFM) (Charnley et al. [2018] ).
It is worth noting that the first listed benefit of mica (encouraging fibril binding through electrostatic interactions) is only appropriate for lysozyme fibrils, and not β-Lactoglobulin fibrils which have no net charge at neutral pH.
1. Cleave mica disk. There are many methods of cleaving mica, we prefer to use double-sided tape to stick the disc down to a lab bench and then use a fine tipped pair of tweezers to cleave the top layer from the stuck down disk. mica discs, to ensure that a homogenous drying is achieved and the dispersed amyloid suspensions are not concentrated at one end of the mica disc during the drying process. Whilst it is not strictly a part of the protocol for fabricating the amyloid fibril networks, it is important to note that immediately before using the fibril networks as substrates for cell culture they should be sterilized to remove any bacterial contamination. In our experiments, we did this by incubating the mica disks with the adsorbed networks in a solution of the antibiotic Pen-Strep (100 ngml -1 ) for 1 h see Gilbert et al. (2017) for details. Sterilization in an Autoclave was avoided due to concerns that it would damage the fibril network.
Data analysis
Qualitative analysis of the success of the reaction was performed by simply observing the color and opacity change in the solution before and after incubation in the hot oil bath (Figure 2) . A more quantitative analysis of the quality of the fibril coatings produced by atomic force microscopy (AFM) is provided in an associated protocol (Charnley et al. [2018] ); and an example AFM image of amyloid nanofibrils adsorbed onto a mica substrate that should be produced from a successful reaction is shown below (Figure 3) . 
Notes
The protocol outlined here is typically very repeatable. However, the final morphology is very sensitive to small variations in temperature throughout the reaction, therefore the hotplate used should maintain a very stable temperature over relatively long periods of time (> 24 h), even small fluctuations in temperature can significantly affect the repeatability of this reaction.
